ABSTRACT: Swift foxes (Vulpes velox) and coyotes (Canis latrans) are sympatric canids distributed throughout many regions of the Great Plains of North America. The prevalence of canid diseases among these two species where they occur sympatrically is presently unknown. From January 1997 to January 2001, we collected blood samples from 89 swift foxes and 122 coyotes on the US Army Piñ on Canyon Maneuver Site, Las Animas County, SE Colorado (USA). Seroprevalence of antibodies against canine parvovirus (CPV) was 71% for adult (Ͼ9 mo old) and 38% for juvenile (Յ9 mo old) swift foxes. Adult (Ն1 yr old) and juvenile (Ͻ1 yr old) coyotes had a seroprevalence for CPV of 96% and 78%, respectively. Presence of antibodies against canine distemper virus (CDV) was 5% for adult foxes and 0% for juvenile foxes. Seroprevalence of CDV was 46% for adult coyotes and 18% for juvenile coyotes. No swift foxes had canine adenovirus (CAV) antibodies, whereas 81% and 63% of adult and juvenile coyotes, respectively, had antibodies for CAV. Seroprevalence of antibodies against Yersinia pestis was 68% among adult foxes and 34% among juvenile swift foxes. Seroprevalence of Y. pestis antibodies was 90% and 70% for adult and juvenile coyotes, respectively. No swift foxes had antibodies against Francisella tularensis, whereas seroprevalence was 4% among both adult and juvenile coyotes. Antibodies against CPV and plague were common in both species, whereas antibodies against CDV and CAV were more prevalent in coyotes compared to swift foxes.
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Swift foxes (Vulpes velox) are smallsized canids that historically occupied much of the short-and mixed-grass prairie of North America (Scott-Brown et al., 1987) . Changes in landscape practices (conversion of prairie to agriculture), predator control, indiscriminate shooting, rodent control programs, and predation by domestic dogs brought about a general decline in swift fox abundance and distribution (Scott-Brown et al., 1987) . Presently, swift foxes are distributed over a restricted part of their former range (Scott-Brown et al., 1987) . Coyotes (Canis latrans) are medium-sized canids that occupy most habitats and regions of North America and are sympatric with swift foxes. Predation by coyotes is a leading cause of mortality in many swift fox populations (Covell, 1992; Sovada et al., 1998; Schauster et al., 2002) . Resource partitioning between these two species has been documented to be intense, with coyotes possibly influencing the abundance and distribution of swift foxes across local landscapes (Kitchen et al., 1999; Kamler, 2002; Schauster et al., 2002; Karki, 2003) . Whether disease plays a role in the relationship and interactions between these two sympatric canid species is unknown.
The prevalence of antibodies against various infections has been reported for many populations of coyotes. In US states containing both swift foxes and coyotes, antibodies against viral and bacterial infections have been reported for coyotes in Kansas (Gier and Ameel, 1959) , Texas (Thomas et al., 1984) , Colorado (Gese et al., 1991) , and Wyoming (Williams et al., 1988; Gese et al., 1997) . Unfortunately, there has been only one population of swift foxes sampled for canid infectious diseases and parasites (Miller et al., 2000) .
There has been no survey of disease in coyotes and swift foxes in the same location during the same time period of sampling. We report results of a serologic survey for antibodies against canine parvovirus (CPV), canine distemper virus (CDV), canine adenovirus (CAV), Yersinia pestis, and Francisella tularensis among sympatric swift foxes and coyotes sampled during the same time period in SE Colorado.
Swift foxes and coyotes were sampled on the 1,040-km 2 US Army Piñ on Canyon Maneuver Site (PCMS), Las Animas County, SE Colorado (37Њ20ЈN, 103Њ40ЈW). Elevation on the study area was 1,310-1,740 m above sea level. The climate is classed as midlatitude semiarid, with mean monthly temperatures of Ϫ1 C in January to 23 C in July (Andersen and Rosenlund, 1991) . Annual precipitation averages about 32 cm (US Department of Army, 1980) . The topography consists of broad, moderately sloping uplands, limestone hills, and sandstone canyons (Gese et al., 1988) . Vegetation is dominated by short-grass prairie and pinyon pine (Pinus edulis) and one-seeded juniper (Juniperus monosperma) woodland communities (Costello, 1954; Shaw et al., 1989) . Grasslands are composed of blue grama (Bouteloua gracilis), sideoats grama (B. curtipendula), western wheatgrass (Agropyron smithii), galleta (Hilaria jamesii), and needle-and-thread (Stipa comata).
Swift foxes were captured with box traps baited with chicken or an enclosure trap system (Covell, 1992; Schauster et al., 2002) . A 3-4-ml blood sample was extracted from captured foxes via the jugular vein. Captured foxes were weighed, eartagged, aged by tooth wear (Rongstad et al., 1989) , radio-collared (Advanced Telemetry Systems, Isanti, Minnesota, USA), and released at the capture site. Foxes were handled without anesthesia. Swift foxes were classified as juveniles (Յ9 mo old) or adults (Ͼ9 mo old).
Coyotes were sampled by capture with a hand-held net gun (Barrett et al., 1982; Gese et al., 1987) or during aerial gunning.
A 10-12-ml blood sample was extracted via the cephalic or saphenous vein from captured coyotes or by cardiac puncture from dead coyotes. All captured coyotes were weighed, sex determined, aged by tooth wear (Gier, 1968) , ear-tagged, radiocollared (Advanced Telemetry Systems), and released. Captured coyotes were handled without chemical immobilization. For coyotes removed by aerial gunning, we determined their weight and sex and extracted a canine tooth for aging by cementum annuli analysis (Linhart and Knowlton, 1967) . Coyotes were classed as juveniles (Յ12 mo old) or adults (Ͼ12 mo old).
Each blood sample was placed into a glass serum tube (Vacutainer, Becton Dickinson, Rutherford, New Jersey, USA) and centrifuged for 30 min; the serum was harvested and stored at Ϫ20 C. Serum samples were analyzed for antibodies against CDV, Y. pestis, and F. tularensis at the Wyoming State Veterinary Laboratory (University of Wyoming, Laramie, Wyoming, USA). Analyses for CPV and CAV antibodies were conducted at the Washington Animal Disease Diagnostic Laboratory (Washington State University, Pullman, Washington, USA). CDV antibody was detected by the serum virus neutralization test described by Appel and Robson (1973) . An antibody titer Ն1:10 was considered to be positive for antibodies against CDV. Antibodies against CPV were detected using an indirect fluorescent antibody test (Rose et al., 1992) . A titer of Ն1:25 was considered positive for CPV antibodies. Antibodies against CAV were detected by the virus neutralization test (Appel et al., 1975) which does not distinguish between CAV types 1 and 2. A titer level of Ͼ1:4 was considered to be positive. To determine the prevalence of antibodies against Y. pestis, we used passive hemagglutination and inhibition tests and an enzyme-linked immunosorbent assay (Chu, 2000) ; a titer of Ն1:16 was considered to be positive. We used the microscopic agglutination test as described by Gese et al. (1997) for detecting antibodies against F. (14) 33 (15) 12 (26) 0 (33) 0 (14) 0 (14) 0 (26) 0 (33) 0 (14) 0 (15) 70 (27) 67 (33) 29 (14) 40 (15) 0 (27) (58) 78 (18) 78 (9) 35 (37) 54 (56) 17 (18) 22 (9) 87 (37) 78 (58) 56 (18) 78 (9) 96 (26) 86 (44) 64 (14) 78 (9) 0 (26) 7 (42) 7 (14) 0 (9) a CPV ϭ canine parvovirus type 2. b CDV ϭ canine distemper virus. c CAV ϭ canine adenovirus (types 1 and 2). d % positive (sample size).
tularensis; a titer of Ն1:128 was considered to be positive. For all statistical tests, the sampling unit was the individual fox or coyote; all animals were represented by one sample. The 2 test was used to analyze the prevalence of antibodies between age classes, sexes, and species (Sokal and Rohlf, 1981) . We used a Fisher's exact test when the contingency table contained an expected frequency of Ͻ1 in any cell (Zar, 1996) . All statistical tests were performed using SPSS (SPSS Base 10; SPSS, Inc., Chicago, Illinois, USA).
Blood was collected from 89 swift foxes (48 males and 41 females) and 122 coyotes (67 males and 55 females) sampled from January 1997 to January 2001. Age classes of the swift foxes sampled were 60 adults (33 males and 27 females) and 29 juveniles (15 males and 14 females). Age classes of the coyotes sampled were 95 adults (58 males and 37 females) and 27 juveniles (nine males and 18 females). Thirty-one animals were sampled in 1997, 1 in 1998, 58 in 1999, 117 in 2000, and 4 in 2001. Laboratory analysis for seroprevalence of CPV antibodies was completed on serum samples from 88 swift foxes and 122 coyotes. Among swift foxes, the overall seroprevalence of CPV antibodies was 60%; reciprocal antibody titers ranged from Ͻ25 to 1,600. Juvenile foxes (38%) had a lower prevalence of CPV antibodies, compared with adults (71%; 2 ϭ8.98, 1 df, Pϭ0.0027). Among juvenile foxes, there was no difference in seroprevalence between males and females (Table 1; 2 ϭ0.28, 1 df, Pϭ0.597). In contrast, adult female foxes had a higher seroprevalence than adult males (Table 1 ; 2 ϭ4.09, 1 df, Pϭ0.043). Among coyotes, the overall prevalence of CPV antibodies was 92%, with titers ranging of 10-5,120. Seroprevalence was lower among juvenile coyotes (78%) than among adult coyotes (96%; 2 ϭ9.06, 1 df, Pϭ0.0026). Among adult coyotes, there was no difference in the seroprevalence between the sexes (Table 1; adults: 2 ϭ2.28, 1 df, Pϭ0.131). Seroprevalence among juvenile coyotes was identical between the sexes (Table 1) . When comparing the two canid species, the overall prevalence of CPV antibodies in swift foxes (60%) was lower than in coyotes (92%; 2 ϭ30.27, 1 df, Pϭ0.0001). Controlling for the influence of age, adult coyotes (96%) had a higher seroprevalence than adult swift foxes (71%; 2 ϭ18.71, 1 df, Pϭ0.0001). Juvenile coyotes (78%) also had a higher seroprevalence than juvenile foxes (61%; 2 ϭ9.06, 1 df, Pϭ0.0026).
Serologic testing for CDV antibodies was completed on 87 swift foxes and 120 coyotes. Overall, we found that the prevalence of CDV antibodies was 3% among swift foxes, with reciprocal titers of Ͻ4-256. Seroprevalence was 5% among adult foxes and 0% among juvenile foxes (PϾ0.20, Fisher's exact test). Seroprevalence was 11% among adult female foxes and 0% among adult male foxes (Table 1; 2 ϭ3.59, 1 df, Pϭ0.058). Among coyotes, the prevalence of CDV antibodies was 40% for all animals combined, with titers of Ͻ4-512. Juvenile coyotes (18%) had a lower seroprevalence than adult coyotes (46%; 2 ϭ6.70, 1 df, Pϭ0.001). Among both adult and juvenile coyotes, seroprevalence was not different between the sexes (Table 1 ; adults, 2 ϭ3.05, 1 df, Pϭ0.081; juveniles, 2 ϭ0.12, 1 df, Pϭ0.72). When comparing the two canid species, overall seroprevalence among coyotes (40%) was higher than among swift foxes (3%; 2 ϭ36.29, 1 df, Pϭ0.0001). Adult coyotes (46%) had a higher seroprevalence than adult foxes (5%; 2 ϭ28.97, 1 df, Pϭ0.0001), and seroprevalence in juvenile coyotes (18%) was higher than that in juvenile foxes (0%; 2 ϭ5.70, 1 df, Pϭ0.017).
Prevalence of CAV antibodies was determined using samples from 88 swift foxes and 122 coyotes. No swift foxes were seropositive for CAV antibodies (Table 1) . In contrast, the overall prevalence of CAV antibodies was 77% for all coyotes combined, with titers of 4 to Ͼ512. Seroprevalence was 63% among juvenile coyotes and 81% among adult coyotes ( 2 ϭ3.89, 1 df, Pϭ0.049). Seroprevalence was similar between the sexes for both adult and juvenile coyotes ( The prevalence of CPV antibodies was high in coyotes (92%) and was relatively lower among swift foxes (60%). Among both species, adults had higher prevalence of CPV antibodies than younger animals, which indicates that the adults likely had been exposed to CPV, or a closely related parvovirus, and survived. Compared with previous samples from the same study area collected in different time periods, the prevalence of CPV antibodies increased in both swift foxes (from 39%; Miller et al., 2000) and coyotes (from 71%; Gese et al., 1991) . The prevalence of CPV antibodies among San Joaquin kit foxes (V. macrotis mutica), a close relative of the swift fox (Mercure et al., 1993) , ranged 67-100% in California (McCue and O'Farrell, 1988) . The prevalence of CPV antibodies in coyotes from other western states (Arizona, Idaho, Utah, and Wyoming) was generally Ͼ70% (Thomas et al., 1984; Gese et al., 1997; Grinder and Krausman, 2001; Arjo et al., 2003) . A high prevalence of antibodies is associated with a highly contagious, but nonfatal, infection, because prevalence is measured among survivors (Thomas et al., 1984) . The impact of CPV infection on canid populations is largely unknown. However, evidence of CPV infection has been implicated as a mortality agent among young coyotes (Gese et al., 1997) and wolves (C. lupus) (Mech and Goyal, 1993; Johnson et al., 1994) .
The overall prevalence of CDV antibodies among swift foxes and coyotes was 3% and 40%, respectively. In contrast to CPV, the prevalence of CDV antibodies declined from previous sampling. Miller et al. (2000) documented 18% prevalence of CDV antibodies among swift foxes, whereas Gese et al. (1991) found a seroprevalence of 57% among coyotes. McCue and O'Farrell (1988) reported CDV antibodies in 0-14% of the kit foxes sampled in California. We found that levels of CDV antibodies increased with age among both species, similar to results among coyotes in Texas (Guo et al., 1986) , Wyoming (Gese et al., 1997) , Arizona (Grinder and Krausman, 2001 ), and Utah (Arjo et al., 2003) . The higher prevalence of CDV antibodies in adults may be a result of adults being more likely to survive exposure or adults having a longer exposure period to the virus and developing a persisting titer (Gorham, 1966; Green et al., 1984) . Among coyote populations sampled in western states, the prevalence of CDV antibodies was 23-76% (Trainer and Knowlton, 1968; Guo et al., 1986; Williams et al., 1988; Gese et al., 1997; Grinder and Krausman, 2001; Arjo et al., 2003) .
The prevalence of CAV antibodies was high among coyotes (77%), and antibodies were not detected in swift foxes. The prevalence of CAV antibodies has not been previously examined among swift foxes. McCue and O'Farrell (1988) reported a prevalence of CAV antibodies among San Joaquin kit foxes of 6-21% in California. The prevalence of CAV antibodies among coyotes in Arizona, Texas, Utah, and Wyoming has been reported to be 31-100% (Trainer and Knowlton, 1968; Gese et al., 1997; Grinder and Krausman, 2001; Arjo et al., 2003) . The degree to which CAV virus affects canid population demographics is unknown.
The high prevalence of Y. pestis antibodies in swift foxes (57%) and coyotes (85%) indicates relatively equal exposure. Canids may become infected with Y. pestis by being bitten by fleas or by ingesting infected rodents (Thomas et al., 1989) . Small mammals make up a large component of the diets of both canid species in our study area (Kitchen et al., 1999) . When canids are infected, they generally do not develop clinical signs, but they do develop antibodies (Barnes, 1982) , making them an indicator species for plague. Changes in the prevalence of plague antibodies in canids may be related to changes in the prevalence of plague in prey. The prevalence of Y. pestis antibodies has not been reported for swift foxes. Among kit foxes, no evidence of Y. pestis antibodies was reported in California (McCue and O'Farrell, 1988) . Among coyotes, the seroprevalence of Y. pestis antibodies was reported to be low in California (Ͻ6%; Thomas and Hughes, 1992) . In contrast, coyote popu-lations in Wyoming (Gese et al., 1997) and Utah (Arjo et al., 2003) had prevalence similar to those in this study. The impact of plague on canid populations is unknown.
Antibodies against tularemia were not found in swift foxes and were low in the coyote population (4%). Evidence of tularemia has not been reported for swift foxes. In kit foxes, F. tularensis antibodies were reported to be 8-31% in California (McCue and O'Farrell, 1988) . Among coyotes, evidence of tularemia antibodies was found in Wyoming (Gese et al., 1997) and Utah (Arjo et al., 2003) but at low levels. In Texas, Trainer and Knowlton (1968) found no serologic evidence of tularemia. In contrast, 88% of coyotes sampled in Idaho were seropositive (Gier et al., 1978) . The impact of tularemia on canids is unknown. They may contract the disease, but they appear to be relatively resistant and probably recover (Gier and Ameel, 1959; Zarnke and Ballard, 1987) .
Reasons for differences in seroprevalence for some canine infections (mainly CPV, CDV, and CAV) between swift foxes and coyotes are unknown. It is possible that coyotes are more resistant to some of these infections than are swift foxes. We documented three radio-collared swift foxes dying from CDV infections in the study area (Karki, 2003) . Similarly, Olson and Lindzey (2002) reported two swift foxes dying from CDV in Wyoming. Although we did not document direct mortality among the swift foxes that was caused by CPV or CAV infection, foxes in a weakened condition from infection could be more vulnerable to predation. Coyote predation is the leading cause of swift fox mortality on the PCMS (Kitchen et al., 1999; Schauster et al., 2002; Karki, 2003) . Predation could potentially mask an underlying infectious disease that increased the vulnerability of the foxes. Alternatively, different rates of exposure may explain the disparity of the antibody prevalence between the two species. With both species sharing the same landscape and diet (Kitchen et al., 1999) , it seems unlikely that exposure to infectious agents differs between the two species, but this remains a possible explanation.
The high prevalence of CPV, CDV, and CAV antibodies in the coyote population over time is evidence that these infections persist in these population and that coyotes are a potential source of viral infection to the foxes. However, the close encounters needed for transmission between coyotes and foxes seems to be unlikely, because coyote predation is a major source of mortality for swift foxes. Thus, varying resistance to CDV may be the most plausible explanation for the different levels of CDV antibody prevalence between the two canids; the three fox deaths from CDV support this supposition. For CPV and CAV, exposure and transmission may occur from within and between canid species because of the resistance of CPV and CAV in the environment (Thomas et al., 1984) . Exposure from prey is the most likely source of exposure to plague for foxes and coyotes. Conservation efforts for swift foxes, a species of special concern in many states, should consider infectious diseases, particularly in areas that have a high prevalence of CDV. Canine distemper was the only disease causing mortality in our foxes, although other infections could make swift foxes more vulnerable to predation.
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